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1 

Methods of and arrangements for buffering digital optical signals 

Field of the invention 

5 The present invention relates to the field of optical buffers for buffering digital 

optical signals. 

Background of the invention 

10 In Optical Time Division Multiplexing (OTDM) systems long optical fiber loops, 

sometimes with a length in the order of some kilometers, are used to provide a delay or 
buffer for lower rate input optical signals before they are transmitted as interleaved 
output optical signals on one output line. The disadvantages of such systems are mainly 
their physical dimensions and complexity. 

15 

Summary 

It is an object of the present invention to provide a method of buffering digital 
optical signals without using long optical fiber loops. 
20 This object is achieved by a method in accordance with the invention, which 

relates to a method of buffering during at least a predetermined retention time a digital 
optical signal having a predetermined digital level, comprising the following steps: 

a) inputting the optical signal to an optical input of a semiconductor laser element; 

b) injecting an injection current to the semiconductor laser element to establish an 
25 optical gain process in the semiconductor laser element, the injection current having 

an amplitude such that the optical gain process and an optical absorption process 
within the semiconductor laser element outweigh one another longer than the reten- 
tion time in order to keep the digital optical signal on the predetermined digital 
level during the retention time. 
30 In the method according to the invention use is made of a relatively simple 

arr£ingement in which a semiconductor laser element is used instead of a long optical 
fiber loop. Such a buffer arrangement is physically smaller than the long optical fiber 
loop arrangement according to the prior art. The laser parameters are chosen such that 
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the digital optical signal is trapped between reflective facets of the semiconductor laser 
element and retains its data characteristics during at least a predetermined retention 
time. 

In order to read the content of such an optical buffer (or optical memory) the 
5 method may further comprise the step of outputting the optical signal to an output line 
by means of an optical output switch connected between an output of the semiconduc- 
tor laser element and the output line. 

In a preferred embodiment of the invention, the method relates to a method of 
time division multiplexing of a plurality of digital optical signals each having a pre- 
10 determined digital level, comprising the steps of: 
I I mil I ir ^^ )if^inp,uttin g yeachifOfiiJiejL^^ 

conductor laser elements; 
b) injecting a distinct injection current to each of the semiconductor laser elements to 
establish an optical gain process in each of the semiconductor laser elements, each 
15 injection current having an amplitude such that the optical gain process and an opti- 

cal absorption process within each of the semiconductor laser elements outweigh 
one another longer than a predetermined retention time in order to keep each of the 
digital optical signals on each of the predetermined digital levels during the reten- 
tion time; 

20 c) consecutively outputting each of the optical signals to one output line in consecu- 
tive time frames by means of a plurality of optical output switches, each one of the 
plurality of output switches being connected between an output of one of the semi- 
conductor laser elements and the ou^ut line. 
The present invention also relates to an arrangement for buffering during at least 
25 a predetermined retention time a digital optical signal having a predetermined digital 
level, comprising: 

a) a semiconductor laser element with an optical input for receiving the optical signal; 

b) current source means connected to the semiconductor laser element and arranged to 
inject an injection current to the semiconductor laser element to establish an optical 

30 gain process in the semiconductor laser element, in use the injection current having 

an amplitude such that the optical gain process and an optical absorption process 
within the semiconductor laser element outweigh one another longer than the reten- 
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tion time in order to keep the digital optical signal on the predetermined digital 
level during the retention time. 
Such an arrangement is physically smaller than the long optical fiber loop 
arrangements of the prior art and is more flexible. 
5 In a preferred embodiment, a controller is connected to the current source means 

to provide a current control signal to the current source means to control an amplitude 
of the injection current. 

In order to be sure that the optical gain process and the optical absorption process 
vwthin the semiconductor laser element outweigh one another, the value of the injection 
10 current to the semiconductor laser element can be continuously adjusted by using a 
feedback control system. In such an arrangement, an optical detector is arranged to 
detect optical power content of the semiconductor laser element and to provide a feed- 
back signal to the controller, the controller being arranged to generate the current con- 
trol signal in dependence on the feedback signal. 
15 For reading purposes, the arrangement may comprise an optical output switch 

connected between an output of the semiconductor laser element and an output line, 
and connected to the controller to receive an output sv^tch control signal to control 
outputting of the optical signal to the output line. 

In order to be able to control the moment in time that a digital optical signal 
20 enters the buffer arrangement, the arrangement preferably comprises an optical input 
switch connected to the input of the semiconductor laser element, and connected to the 
controller to receive an input switch control signal to control inputting of the optical 
signal to the semiconductor laser element. 

Finally, the present invention also relates to an arrangement for time division 
25 multiplexing of a plurality of digital optical signals each having a predetermined digital 
level, comprising: 

a) a plurality of semiconductor laser elements each having an optical input for receiv- 
ing one of the optical signals; 

b) current source means connected to the semiconductor laser elements for injecting a 
30 distinct injection current to each of the semiconductor laser elements to establish an 

optical gain process in each of the semiconductor laser elements, each injection cxir- 
rent having an amplitude such that the optical gain process and an optical absorp- 
tion process within each of the semiconductor laser elements outweigh one another 



Printed: 11-12-2000 



longer than a predetermined retention time in order to keep each of the digital opti- 
cal signals on each of the predetermined digital levels during the retention time; 

c) a plurality of optical output switches, each one of the plurality of output switches 
being connected between an output of one of the semiconductor laser elements and 

5 one output line; 

d) a controller connected to the plurality of optical output switches to control con- 
secutively outputting each of the optical signals to the output line in consecutive 
time frames. 

1 0 Brief description of the drawings 



The invention will now be illustrated with reference to some drawings which are 
intended to illustrate the present invention and not to limit its scope. 

Figure 1 schematically shows an optical multiplex arrangement according to the 
1 5 prior art; 

Figure 2 schematically shows how four different optical signals may be inter- 
leaved in a multiplex arrangement according to the prior art; 

Figure 3 shows a multiplex arrangement in accordance with the present inven- 
tion; and 

20 Figure 4 schematically shows a semiconductor laser element according to the 

prior art. 

Detailed description of the embodiments 

25 In the multiplex arrangement shown in figure 1 , a multiplexer MX receives four 

different input signals from four different buffers BF(i), (i = 0, 1, 2, I; in the 
example of the figures 1 = 3 but I may have any other suitable integer value > 2), The 
buffers BF(i) receive respective input signals Sin(i). For timing purposes, these input 
signals Sin(i) may be switched by optical switches SWin(i). These switches SWin(i) are, 

30 preferably, controlled by a controller not shown in figure 1 . 

In existing multiplex arrangements, the buffers BF(i) comprise long optical fiber 
loops of which the length may be in the order of some kilometres, to provide a delay 
for the input signals Sin(i), the delay being different for different input signals Sin(i). 
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The output signals of the buffers BF(i) are indicated in figure 1 by Siji(i). 
Figure 2 shows an example of the timing of the output signals Si5i(i) of the buffers 
BF(i), as well as of output signal So of the multiplexer MX, The buffers BF(i) are de- 
signed such that the input signals Sin(i) are delayed to such an extent that signals S|S(i) 
5 do not overlap and that multiplexer MX only need to switch all signals Sii(i) to its out- 
put line to generate output signal So comprising foiir consecutive output signals S3(i). 
The timing of figure 2 suggests that multiplexer MX introduces no further time delays. 
However, this may well be the case. 

Since the buffers BF(i) according to the prior art are relatively large and intro- 

10 duce complexity to the multiplex arrangement, the present invention proposes to use 
semiconductor laser elements as optical buffer elements. These elements are physically 
smaller and more flexible than the buffers according to the prior art. Below, it will be 
explained how this can be achieved. 

Figure 4 schematically shows a well known semiconductor laser element 1 . The 

15 laser element 1 comprises a cathode 3 and an anode 5. Between the cathode 3 and the 
anode 5 there is a semiconductor layer 7 comprising at least a pn-junction as is known 
to persons skilled in the art. Any simple or more complex semiconductor layer arrange- 
ment in layer 7 may be used in the present invention. The cathode 3 is connected to a 
wire 4, whereas the anode 5 is connected to a wire 6. In use, an electrical current is 

20 supplied to the laser element 1 through these wires 4, 6 by a current source (or voltage 
source). The laser element 1 comprises (cleaved) semireflective ends 7, 9. In use, the 
semu-eflective ends 7, 9 reflect emitted photons back into the bulk of the semiconductor 
material where, by reabsorption, the rate of photon emission is increased, resulting in 
photon light amplification. If the current through wires 4, 6 to the semiconductor mate- 

25 rial is increased, a threshold is reached at which the photon density is too great to be 
contained by the optical cavity defined by the volume of the semiconductor material of 
layer 7. Then, radiation is emitted &om the semiconductor material through the 
semireflective ends 7, 9. The process of generating radiation by means of a laser is 
known as "stimulated emission". In use, the stimulated emission has to compete against 

30 the absorption process. During the absorption process an electron-hole pair is generated 
at the expense of an absorbed photon. At the threshold value of the electrical current 
supplied to the laser element 1, a sufficient number of electrons are present in the 
conduction band of the semiconductor material to make the semiconductor optically 
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transparent. Above the threshold value, the active region of the semiconductor element 
1 exhibits optical gain and amplifies the electromagnetic radiation. 

Due to the optical feedback by the semireflective facets 7, 9, that form a Fabry- 
Perot cavity, the number of photons travelling perpendicular to the semireflective ends 
5 7, 9 increase when the electrical current is high enough to satisfy the condition of net 
stimulated emission. Some of the photons are lost through the semireflective ends 7, 9 
and some get scattered or absorbed in the cavity. Below the threshold value of the 
electrical current, the loss exceeds gain and the stimulated emission caimot sustain a 
steady supply of photons. At the threshold value of the electrical current, however, gain 
10 equals loss and stimulated emission begins to dominate. Over a narrow electrical cur- 

^ ^^ijgnt^^^^^ 

magnitude and above the threshold value of the electrical current, the laser output (i.e. 
the radiation output) increases almost linearly. 

At the threshold region, i.e., when optical gain equals loss, ideally any optical 
15 signal present within the cavity would simply travel to and fro between the reflective 
ends 7, 9 and retain its characteristics. The inventor of the present invention has found 
that this property can be applied to use a semiconductor laser element 1 as a memory 
for optical signals. 

This can be done in an arrangement in which the semiconductor laser element 1 
20 as shown in figure 4 is connected as radiation amplifier element as is known to persons 
skilled in the art. In such an amplifier arrangement, the semireflective ends 7, 9 are 
both connected to optical fibers one of \^ch being used as optical input and the other 
one of which being used as optical output 

An example of the proposed arrangement is shown in figure 3. Figure 3 shows a 
25 multiplex arrangement for four different input signals Sin(i). The input signals Sin(i) are 
received by optical sv^tches SWin. The optical switches SWin(i) are controlled by 
control signals S WCONin(i) generated by a controller CON. 

The output signals of the switches SWin(i) are connected to directive filters Fin(i). 
The outputs of the directional filters Fin(i) are connected to optical inputs of semicon- 
30 ductor laser elements SLE(i). Current sources I(i) supply electrical current to the semi- 
conductor laser elements SLE(i). The current sources I(i) receive control signals 
ICON(i) from the controller CON. 



15-02-2000 

■ f 



EP00301 170.7 



DESC 



The current sources I(i) may be substituted by voltage sources if required. The 
current sources I(i) need not be physically sepeirated. One current source arranged to 
supply as many different electrical currents as there are semiconductor laser elements 
SLE(i) may be used instead. 
5 Optionally, detectors D(i) may be placed on one of the semireflective ends of the 

semiconductor elements SLE(i). These detectors D(i) generate electrical feedback 
signals FB(i) supplied to the controller CON for purposes explained below. 

The optical outputs of the semiconductor laser elements SLE(i) are connected to 
directional filters Fo(i). The outputs of the directional filters Fo(i) are connected to opti- 
10 cal output switches SWo(i). The outputs of optical switches SWo(i) are connected to 
one single optical output line for supplying output signal S©. The output optical 
switches SWo(i) are controlled by control signals SWCONo(i) generated by controller 
CON. 

In the arrangement of figure 3, each of the semiconductor laser elements SLE(i) 

15 can be used as a memory unit for storing an optical signal ideally for an infinite power- 
on time, with a write or update cycle and a read cycle. 

The optical input signals Sin(i) are lower speed signals, e.g., of 2.5 gbs. Each of 
the optical input signals Sin(i) are optical bit type of signals, i.e., they will have a value 
either representing a digital 1 or a digital 0. The control signals S WCONin(i) are gener- 

20 ated by a clock in the controller CON synchronized to control a selected switch 
SWin(i). The selected switch SWi„(i) switches on and allows the optical signal Sin(i) to 
enter the semiconductor laser element SLE(i). 

The directional filters Fin(i) are arranged such that they allow the signals Sin(i) to 
travel in one direction into semiconductor laser elements SLE(i) only. Such directional 

25 filters are known to persons skilled in the art and need no fiirther explanation here. 
Moreover, they may be located elsewhere: input directional filter Fin(i) may be located 
at the opposite side of SWin(i) whereas output directional filter Fo(i) may be located at 
the opposite side of S Wo(i). 

During a write process of a certain semiconductor laser element SLE(i), the 

30 respective input switch SWin(i) is svsdtched on whereas the respective output switch 
SWo(i) is switched off. Before starting such a write process a memory clear process is 
necessary. This is due to the following reason: assimie the power of an optical signal to 
be written is low and the power of a previous optical signal was high, then the new 
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value of the optical signal within the semiconductor laser element SLE(i) will also be 
high if the signal present in the semiconductor element SLE(i) is not removed. Hence, a 
memory clear process in which the power of the optical signal present in de 
semiconductor laser element SLE(i) is forced to be low is necessary. This can^ e.g., be 
5 achieved by turning off the electrical current supplied by current source I(i) concerned 
for a certain short period of time. 

During the period of memorizing the optical signal in the semiconductor laser 
element SLE(i) the respective output switch SWo(i) is controlled by its control signal 
SWCONo(i) to be in its ofif-state, i.e. it prevents the optical signal from leaving the 
10 semiconductor laser element SLE(i) concerned. So, the optical signal is, then, reflected 
1 1 1 1 1 i If |||jb„e ^g'^n„the^semirefl^^^ - i 

amount of reflectivity of the semireflective ends 7, 9 may be specially designed to have 
an optimal value. It may be designed for a predetermined threshold value of the 
electrical current supplied by current source I(i). Then, when the electrical current sup- 
1 5 plied by current source I(i) is close to the threshold current region, the optical gain due 
to optical feedback caused by the reflectivity of the semireflective ends 7, 9, and due to 
the received optical signal Sin(i) and the value of the electrical current received from 
current source I(i), just equals the loss due to the absorption process during which an 
electron-hole pair is generated at the expense of an absorbed photon. 
20 During reading out of the semiconductor elements SLE(i) in the multiplex ar- 

rangement shown, each of the output switches SWo(i) is consecutively switched on to 
provide output signal So,, e.g., as shown in figure 2. The output switches SWo(i) can be 
controlled by the control signals SWCONo(i) such that output signal So has a higher 
data rate than the input signals Sin(i). 
25 Above, an optical multiplexing technique using semiconductor laser elements 

SLE(i) as memory units for optical bits of information is explained. Of course, the con- 
cept shown in figure 3 can be expanded to a plurality of output lines to provide a byte 
multiplexing technique. 

The basic element of the present invention is a semiconductor laser element 
30 SLE(i) used as an optical memory unit for an optical bit of information. As explained 
above, the electrical current supplied by the current source I(i) is chosen such that the 
optical gain in the semiconductor element SLE(i) substantially equals the absorption of 
photons in the laser element during memorizing of the optical bit of information. For a 



15-02-2000 



EP00301170.7 



DESC 



predetermined minimum retention time of memorizing the optical bit of information, 
the reflectivity of the semireflective ends 7, 9 of the semiconductor laser element 
SLE(i) and the electrical current value can be optimized. Then, one will be sure that, 
although an optical signal within the semiconductor laser element SLE(i) may steadily 
5 change its value due to a small imbalance between optical gain and absorption of 
photons, the retention time will still exceed the required minimum value. Altematively, 
a feedback control system for the electrical current may be used. In such a feedback 
control system, the detector D(i) detects the optical power of the optical signal present 
within the semiconductor laser element SLE(i). The feedback signal FB(i) is fed back 

10 to controller CON which is arranged to generate current source control signal ICON(i) 
such that current source I(i) adjusts its electrical current supplied to the semiconductor 
laser element SLE(i) such that the optical power remains constant (within a small delta 
change allowed). Such a feedback control is synchronized with the memory write 
process such that it starts after the memory write process. 

15 It is observed that the arrangements given above are only given by way of 

example only. For instance, in the arrangement of figure 3, the input switches SWin(i) 
may be omitted when the optical input signals Sin(i) already have a proper timing, i.e., 
the timing of signals Si!i(i) as shown in figure 2. 

Moreover, the controller CON is shown as a single unit. It may be implemented 

20 as a software driven (micro)processor arrangement, including necessary equipment like 
memory (RAM, ROM, EEPROM, etc.), keyboard, mouse, monitor, etc., as is evident to 
persons skilled in the art. However, it may also be implemented using digital and/or 
analog circuits, as the case may be. Moreover, it may be implemented as a plurality of 
processors communicating with one another and arranged for performing subtasks. 

25 Thus, where in the claims "a controller" is claimed for performing tasks as specified, 
this is intended to include all practical embodiments evident to persons skilled in the 
art. 
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Claims 

1, A method of buffering during at least a predeteraiined retention time a digital 
optical signal (S(i), i = 0, 3) having a predetemiined digital level, comprising the 
5 following steps: 

a) inputting the optical signal (S(i)) to an optical input of a semiconductor laser 
element (SLE(i)); 

b) injecting an injection current to said semiconductor laser element (SLE(i)) to 
establish an optical gain process in said semiconductor laser element (SLE(i)), the 

10 injection current having an amplitude such that said optical gain process and an 

optical absorption process within said semiconductor laser element (SLE(i)) out- 
weigh one another longer than said retention time in order to keep said digital 
optical signal on said predetermined digital level during said retention time. 

15 2. A method according to claim 1, also comprising the following step: 

c) outputting said optical signal (S(i)) to an output line by means of an optical out- 
put switch (SWo(i)) connected between an output of said semiconductor laser 
element (SLE(i)) and said output line. 

20 3. A method of time division multiplexing of a plurality of digital optical signals 
(S(i), i = 0, . . 3) each having a predetermined digital level, comprising the steps of: 

a) inputting each of the optical signals (S(i)) to an optical input of one of a plurality 
of semiconductor laser elements (SLE(i)); 

b) injecting a distinct injection current to each of said semiconductor laser elements 
25 (SLE(i)) to establish an optical gain process in each of said semiconductor laser 

elements (SLE(i)), each injection current having an amplitude such that said opti- 
cal gain process and an optical absorption process within each of said semicon- 
ductor laser elements (SLE(i)) outweigh one another longer than a predetermined 
retention time in order to keep each of said digital optical signals on each of said 
30 predetermined digital levels during said retention time; 

c) consecutively outputting each of said optical signals (S(i)) to one output line in 
consecutive time frames by means of a plurality of optical output switches 
(SWo(i)), each one of said plurality of output switches (SWo(i)) being connected 
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between an output of one of said semiconductor laser elements (SLE(i)) and said 
output line. 



4. A method according to any of the claims 1 through 3, wherein prior to step a) 
5 said semiconductor laser element (SLE(i)) is cleared by turning off said injection cur- 
rent during a predetermined clearing time period. 

5. An arrangement for buffering during at least a predetermined retention time a 
digital optical signal (S(i), i = 0, 3) having a predetermined digital level, compris- 

10 ing: 

a'^ a^semicjQnductQrJaser^elemcnt^(lS,LEQ j)^4 ^ 
optical signal (S(i)); 

b) current source means (I(i)) connected to said semiconductor laser element 
(SLE(i)) and arranged to inject an injection current to said semiconductor laser 

1 5 element (SLE(i)) to establish an optical gain process in said semiconductor laser 

element (SLE(i)), in use the injection current having an amplitude such that said 
optical gain process and an optical absorption process within said semiconductor 
laser element (SLE(i)) outweigh one another longer than said retention time in 
order to keep said digital optical signal on said predetermined digital level during 

20 said retention time. 



6. An arrangement according to claim 5, comprising a controller (CON) connected 
to said current source means (1(1)) to provide a current control signal (ICON(i)) to said 
current soxirce means (I(i)) to control an amplitude of said injection current. 

25 

7. An arrangement according to claim 6, comprising an optical detector (D(i)) 
arranged to detect optical power content of said semiconductor laser element (SLE(i)) 
and to provide a feedback signal (FB(i)) to said controller (CON), said controller being 
arranged to generate said current control signal (ICON(i)) in dependence on said feed- 

30 back signal (FB(i)). 



8. An arrangement according to cleiim 6 or 7, comprising an optical output switch 
(SWo(i)) connected between an output of said semiconductor laser element (SLE(i)) 



tfiiinted:1.15^l2-20PO^ 



15-02-2000 

■ ) 



EP00301 1 70.7 



CLMS 



12 

and an output line, and connected to said controller (CON) to receive an output switch 
control signal (SWCONo(i)) to control outputting said optical signal (S(i)) to szud out- 
put line. 

5 9. An arrangement according to claim 8, comprising an optical output directional 
filter (Fo(i)) connected between said output of said semiconductor laser element 
(SLE(i)) and said optical output switch (SWo(i)). 

1 0. An arrangement according to any of the claims 6 through 9, comprising an optical 
10 input switch (SWin(i)) connected to said input of said semiconductor laser element 
(SLE(i), and connected to said controller (CON) to receive an input switch control sig- 
nal (SWCONin(i)) to control inputting said optical signal (S(i)) to said semiconductor 
laser element (SLE(i)). 

15 11. An arrangement according to claim 10, comprising an optical input directional 
filter (Fin(i)) connected between said input of said semiconductor laser element 
(SLE(i)) and said optical input switch (SWin(i)). 

12. An arrangement according to any of the claims 10 or 11, wherein said controller 
20 (CON) is arranged for controlling said current source means (I(i)) such that said current 

source means (I(i)) clears said semiconductor laser element (SLE(i)) by turning off said 
injection current during a predetermined clearing time period prior to switching said 
digital optical signal (Sin(i)) to said semiconductor laser element (SLE(i)) by said opti- 
cal input switch (SW(i)). 

25 

13. An arrangement for time division multiplexing of a plurality of digital optical 
signals (S(i), i = 0, . . 3) each having a predetermined digital level, comprising: 

a) a plurality of semiconductor laser elements (SLE(i)) each having an optical input 
for receiving one of said optical signals (S(i)); 
30 b) current source means (I(i)) connected to said semiconductor laser elements 
(SLE(i)) for injecting a distinct injection current to each of said semiconductor 
laser elements (SLE(i)) to establish gin optical gain process in each of said semi- 
conductor laser elements (SLE(i)), each injection current having an amplitude 
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such that said optical gain process and an optical absorption process within each 
of said semiconductor laser elements (SLE(i)) outweigh one another longer than a 
predetermined retention time in order to keep each of said digital optical signals 
on each of said predetermined digital levels during said retention time; 
5 c) a plurality of optical output switches (SWo(i)), each one of said plurality of output 
switches (SWo(i)) being connected between an output of one of said semicon- 
ductor laser elements (SLE(i)) and one output line; 
d) a controller (CON) connected to said plurality of optical output switches (SWo(i)) 
to control consecutively outputting each of said optical signals (S(i)) to said out- 
10 put line in consecutive time frames. 



14 

Abstract 

A method of and arrangement for buffering during at least a predetermined retention 
time a digital optical signal (S(i), i = 0, 3) having a predetermined digital level, 
5 comprising the following steps: 

a) inputting the optical signal (S(i)) to an optical input of a semiconductor laser 

element (SLE(i)); 

b) injecting an injection current to said semiconductor laser element (SLE(i)) to 
establish an optical gain process in said semiconductor laser element (SLE(i)), the 

10 injection current having an amplitude such that said optical gain process and an 

optical absorption process within said semiconductor laser element (SLE(i)) out- 
weigh one another longer than said retention time in order to keep said digital 
optical signal on said predetermined digital level during said retention time. 



15 
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